Results-Detectable levels of G-CSF were found in BAL fluid of 83% of patients with IPF while the levels in all healthy volunteers were below the detection limit. In patients with IPF a significant correlation was observed between the BAL fluid neutrophil count and the concentration of G-CSF in the BAL fluid. The neutrophil count also correlated significantly with percentage forced vital capacity. In BAL fluid samples from patients with IPF the mean NCA value was reduced by 35% after neutralisation with an anti-human G-CSF antiserum.
Idiopathic pulmonary fibrosis (IPF), also known as cryptogenic fibrosing alveolitis, is a chronic progressive disorder of the lung parenchyma characterised by both inflammation and fibrosis. 1 Several studies have shown that neutrophils, 2 3 in addition to eosinophils, 4 contribute to the pathogenesis of IPF and increased neutrophil numbers in bronchoalveolar lavage (BAL) fluid are associated with extensive disease. 5 6 However, the mechanisms leading to persistent accumulation of neutrophils in the lung of these patients are not well understood. It is likely that several neutrophil chemotactic factors, such as interleukin (IL)-8, leukotrienes, and granulocyte colony stimulating factor (G-CSF), are released in the lower respiratory tract, attracting neutrophils from the pulmonary capillary blood into the parenchyma. [7] [8] [9] [10] G-CSF, a 20 kD glycoprotein, is known to induce granulopoiesis in vitro and in vivo and to enhance a variety of functions of mature neutrophils. [11] [12] [13] [14] [15] [16] This cytokine has been shown to be a potent neutrophil chemotactic factor 17 and to enhance the expression of adhesion molecules on neutrophils. 18 These findings suggest that G-CSF may play an important part in the pathogenesis of neutrophil mediated pulmonary disease including IPF. However, to our knowledge, there are no studies that have examined the presence of G-CSF in BAL fluid of patients with neutrophil mediated pulmonary diseases.
We therefore measured BAL fluid concentrations of G-CSF in patients with various pulmonary diseases including IPF, and investigated whether G-CSF in the BAL fluid of patients with IPF has neutrophil chemotactic activity. We also investigated the relationship between those concentrations and clinical data in patients with IPF to determine the role of G-CSF in neutrophil accumulation in the lung of these patients.
Methods

STUDY POPULATION
BAL fluid samples were collected from 16 healthy volunteers (10 men) of median age 28 years (range 19-64), 11 of whom were non-smokers and five were current smokers, and 97 patients with pulmonary diseases (57 men) of median age 58 years (range 22-79), 38 of whom were non-smokers, 43 ex-smokers, and 16 current smokers. These included 24 patients with IPF (12 men) of median age 63 years (range 41-78), 15 of whom were non-smokers, eight ex-smokers, and one current smoker, and 73 disease controls (table 1) . The diagnosis of IPF and bronchiolitis obliterans organising pneumonia (BOOP) was pathologically confirmed by open lung biopsy or by necropsy. The diagnosis of sarcoidosis was based on pathological examination of transbronchial lung biopsy (TBLB) specimens. The diagnosis of collagen vascular disease was established according to the criteria for the respective diseases and the presence of diVuse interstitial opacities on the chest radiograph. The respective pulmonary infections were confirmed by sputum culture or pathologically by TBLB. Diagnosis of asthma was established on the basis of a clinical history of wheezing and bronchial hypersensitivity to methacholine. Pulmonary function tests and arterial blood gas analysis were performed in all patients with IPF prior to BAL. None of these patients had received corticosteroids, antibiotics, or immunosuppressive agents during the year before BAL examination. BAL was also performed before treatment in patients with other lung diseases.
BRONCHOALVEOLAR LAVAGE
With the informed consent of all patients, BAL was performed according to the ERS guidelines 19 using a flexible fibreoptic bronchoscope (Olympus, P-20 Olympus, Tokyo, Japan) after local anaesthesia of the upper airway with 2% lidocaine. The bronchoscope was wedged into one of the segmental bronchi of the right middle lobe for lavage and an aliquot of 50 ml sterile saline at body temperature was instilled through the bronchoscope. The fluid was immediately retrieved by gentle suction using a sterile syringe. The entire procedure of instillation and retrieval was repeated three times. BAL fluid was passed through two sheets of gauze and then centrifuged at 500g for 10 minutes at 4°C. The remaining fluid was centrifuged at 500g for five minutes and supernatant was stored at -80°C until examined. After washing twice with phosphate buVered saline free of calcium or magnesium (PBS, Gibco, UK), the remaining cells were suspended in PBS supplemented with 10% heat inactivated fetal calf serum and counted using a haemocytometer. The aliquot was then diluted to a concentration of 2 × 10 5 cells/ml and 0.2 ml cell suspension was spun down onto a glass slide at 1100 rpm for two minutes using a Cytospin 2 cytocentrifuge (Shandon Instruments, Sewickley, Pennsylvania, USA). The resulting slides were dried, fixed, and then stained using a May-Giemsa method. DiVerential cell counts were determined from more than 200 cells using a photomicroscope.
MEASUREMENT OF G-CSF IN BAL FLUID G-CSF was measured by the enzyme linked immunosorbent assay (ELISA) kit (Amersham, Tokyo, Japan) using the quantitative immunometric "sandwich" enzyme immunoassay technique. Samples (supernatant) were pipetted into wells coated with a monoclonal antibody specific for G-CSF. An enzyme linked polyclonal antibody specific for G-CSF was added to the wells and allowed to bind to G-CSF which was bound during the first incubation. In the next step a substrate solution was added to the wells and the developed colour was proportional to the amount of G-CSF in the initial step. Colour development was terminated by the addition of stop solution and the intensity of the colour was measured. The lower limit of detection was 15.6 pg/ml.
MEASUREMENT OF G-CSF IN SERUM
Serum G-CSF concentrations were also measured in healthy controls and patients with IPF using ELISA. We could not measure serum G-CSF concentrations in patients with non-IPF lung diseases because this study was performed on stored samples and serum was not available in patients with non-IPF lung diseases.
RELATIONSHIP BETWEEN NEUTROPHIL COUNT IN BAL FLUID AND PULMONARY FUNCTION
Pulmonary function tests including percentage forced vital capacity (FVC), carbon monoxide transfer factor (TLCO), and arterial blood gas analysis were performed in all patients with IPF before BAL was performed or treatment commenced. Statistical analyses were made between the neutrophil count in the BAL fluid and the results of pulmonary function tests or arterial blood gas analysis in IPF patients.
RELATIONSHIP BETWEEN NEUTROPHIL COUNT OR PULMONARY FUNCTION AND G-CSF IN BAL FLUID
Based on the concentrations of G-CSF measured in BAL fluid, statistical analyses were made between the neutrophil count in BAL fluid or the results of pulmonary function tests and G-CSF concentrations in BAL fluid in patients with IPF to evaluate whether G-CSF participated in neutrophil influx into the lung or deterioration of pulmonary function in these patients.
NEUTROPHIL CHEMOTACTIC ASSAY
Neutrophil chemotactic activity (NCA) in BAL fluid was measured in healthy controls and patients with IPF using a 48 well microchemotaxis chamber (Neuroprobe Inc, Bethesda, Maryland, USA) as described by Falk et al. 20 Twenty five ml aliquot samples were added to the bottom wells and a polycarbonate filter sheet (3 mm pores, NFB3-PVPF, Costar Corp, Cambridge, Massachusetts, USA) was placed on the top of the wells in the bottom plate. The neutrophils (50 ml aliquots) obtained from healthy subjects as described by Ferrante and Thong 21 were placed in the upper wells at a concentration of 3 × 10 6 cells/ml in Hank's solution with 0.1% BSA. Chambers were incubated for 30 minutes at 37°C in a humidified atmosphere of 95% air/5% CO 2 ; the filters were removed, fixed in absolute methanol, and stained with eosin-azur (DiVQuik, Harleco, Gibbstown, New Jersey, USA). Cells that migrated through the filter to the other side were counted. NCA was measured as the mean number of cells per 10 high power fields (×1000). The results were expressed as a percentage of the chemotactic response to 10 -7 M N-formyl-Met-Leu-Phe (FMLP; Sigma Chemicals, St Louis, Missouri, USA). In each experiment a negative control was assessed using Hank's solution.
The contribution of G-CSF to overall NCA in the BAL fluid of patients with IPF was assessed by repeating the measurement of NCA after a complete neutralisation of G-CSF bioactivity with anti-human G-CSF antiserum (Chugai, Tokyo). Samples of BAL fluid were incubated with anti-human G-CSF antibody for 30 minutes at 37°C. The mixture was then centrifuged at 7000g for 10 minutes and the supernatant was obtained for measurement of NCA. The NCA was inhibited dose dependently by previous anti-human G-CSF antiserum (1:10 3 to 1:10 6 dilution). Samples were mixed with 1:10 3 diluted antihuman G-CSF antiserum which resulted in a complete inhibition of NCA induced by 200 pg/ml G-CSF. 22 
STATISTICAL ANALYSIS
Data were expressed as mean (SE). Differences between groups were examined using the Mann-Whitney U test. Correlations between the neutrophil count in BAL fluid and clinical data or G-CSF concentrations in BAL fluid were determined using the Spearman's rank correlation analysis. For comparison of NCA before and after neutralisation of G-CSF in BAL fluid a paired samples Wilcoxon test was used to determine statistical significance. A p value of <0.05 denoted the presence of a statistically significant diVerence.
Results
BAL FLUID AND SERUM G-CSF CONCENTRATIONS
G-CSF concentrations in the BAL fluid of 16 healthy volunteers were below the level of detection. The proportion of BAL fluid samples with detectable levels of G-CSF was 49.5% (48/97) in the entire group of patients. The mean BAL fluid G-CSF concentration in patients with IPF was 120 pg/ml (range 0-360, fig 1) . There was no significant diVerence in the G-CSF concentration in the BAL fluid of smokers and non-smokers (data not shown). BAL fluid G-CSF concentrations were detectable in a proportion of patients with sarcoidosis (1/11, mean 6 pg/ml), BOOP (2/7, mean 9 pg/ml), hypersensitivity pneumonitis (1/4, mean 60 pg/ml), collagen vascular disease (1/7, mean 24 pg/ml), Wegener's granulomatosis (2/2, mean 45 pg/ml), bacterial pneumonia (4/4, mean 110 pg/ml), asthma (3/4, mean 40 pg/ml), bronchiectasis (5/6, mean 37 pg/ ml), and acute respiratory distress syndrome (8/9, median 124 pg/ml).
Serum G-CSF concentrations were detectable only in two of 24 patients with IPF and not in healthy volunteers.
RELATIONSHIP BETWEEN BAL FLUID NEUTROPHIL COUNTS AND PULMONARY FUNCTION OR ARTERIAL BLOOD GAS TENSIONS IN PATIENTS WITH IPF
The proportion of neutrophils, alveolar macrophages, lymphocytes, and eosinophils in the BAL fluid of patients with IPF was 8%, 77%, 14%, and 1%, respectively. Mean (SE) BAL fluid total cell count in patients with IPF (242 (31) × 10 3 /ml) was significantly higher than in healthy volunteers (132 (22) × 10 3 /ml, table 2). NEUTROPHIL CHEMOTACTIC ACTIVITY (NCA) Figure 4 shows changes in NCA before and after neutralisation of G-CSF bioactivity with anti-human G-CSF antiserum in BAL fluid of patients with IPF. The median NCA value before neutralisation was 48.5 (4.2)% which decreased after neutralisation to 31.6 (3.6)%. NCA values after neutralisation were also higher than those of healthy volunteers. These findings indicate that G-CSF in the lungs of patients with IPF is a potent neutrophil chemotactic factor in vitro.
Discussion
The fact that neutrophils constitute a significant component of alveolar inflammatory cells in IPF has been confirmed by several methods including examination of BAL fluid and isolation of inflammatory cells from open lung biopsy specimens. 2 3 5 Adherence to the endothelium and migration into the tissue are two essential steps during the process of neutrophil accumulation at inflammatory sites. Recent studies have shown the eVects of G-CSF on enhanced expression of adhesion molecules 18 and chemotaxis 17 on human neutrophils. Because G-CSF is a potent activator of mature neutrophils and enhances release of superoxide, activation of neutrophils by G-CSF in the lung may cause deterioration of lung function through the action of superoxides and neutrophil products. However, G-CSF levels in BAL fluid did not correlate with FVC or TLCO in patients with IPF in the present study. Wells et al reported that neutrophils are linked to the morphological extent of disease in patients with IPF and eosinophils are more closely linked to functional impairment than neutrophils. 4 The lack of correlation between G-CSF levels in BAL fluid and %FVC or TLCO in patients with IPF may be supported by the fact that G-CSF activates neutrophils but not eosinophils, although both eosinophils and neutrophils play a major part in the pathogenesis of IPF.
IL-8 is known as a potent chemoattractant for neutrophils and its contribution to neutrophil influx into the lung has been demonstrated in diVuse panbronchiolitis, 23 acute respiratory distress syndrome, 24 and IPF. 25 Carrè et al reported the presence of increased levels of IL-8 mRNA in patients with IPF and those with collagen vascular disease with pulmonary fibrosis, which was correlated with the number of neutrophils in the BAL fluid. 10 These results were further expanded by the same group 26 who showed that other neutrophil chemotaxins, in addition to IL-8, might be present in the BAL fluid of patients with IPF, based on higher neutrophil chemotaxis relative to the values of IL-8. In the present study the BAL fluid of patients with IPF was capable of attracting neutrophils and is likely to have contained several other neutrophil chemotactic factors. Although the use of anti-G-CSF antiserum resulted in some inhibition of neutrophil chemotaxis in the BAL fluid of patients with IPF, the antibody did not produce complete inhibition of neutrophil migration. This finding suggests the presence of another chemoattractant for neutrophils in addition to G-CSF.
Tazi et al 27 reported that lavage cells in certain interstitial lung diseases spontaneously produced G-CSF but that G-CSF was not detected in normal controls. Our results are in part consistent with these findings. Moreover, we also detected G-CSF in the BAL fluid of patients with Wegener's granulomatosis, bacterial pneumonia, acute respiratory distress syndrome, and a proportion of those with collagen vascular disease and asthma. G-CSF induced neutrophil chemoattraction and activation, which may be immunologically advantageous in bacterial pneumonia but deleterious in Wegener's granulomatosis, acute respiratory distress syndrome, collagen vascular disease, and asthma. DiVuse panbronchiolitis is also a neutrophil related pulmonary disease and some studies have indicated that IL-8 may play a part in neutrophil accumulation in the respiratory tract of patients with this disease. 23 However, our results showed that G-CSF concentrations in the BAL fluid of patients with diVuse panbronchiolitis were all below the level of detection. It is possible that there may be some diVerences in the type of neutrophil chemoattractant factors involved in the pathological process among various neutrophil related pulmonary diseases.
Plasma levels of G-CSF in all but two patients with IPF were below the detectable level. Although high plasma G-CSF concentrations were reported in patients with infection, 28 these two patients were not considered as cases with pulmonary infection because of negative C reactive protein (CRP) and normal blood neutrophil count. The detectable G-CSF concentration in the serum of these cases might be caused by leakage of this factor from the respiratory tract into the bloodstream. Our results could not establish the exact contributory role of G-CSF in neutrophil recruitment into the lung of patients with acute respiratory distress syndrome because of the small sample size. Two patients with collagen vascular disease showed detectable BAL fluid G-CSF concentrations. One of these had a high percentage of neutrophils in the BAL fluid and also bilateral basal pulmonary fibrosis on radiological examination.
In conclusion, G-CSF may enhance the accumulation of neutrophils in the lung of patients with IPF. Further studies are necessary to clarify whether G-CSF participates in the pathogenesis of neutrophil accumulation in IPF and other neutrophil mediated lung diseases such as acute respiratory distress syndrome and collagen vascular disease.
